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Murine sepsisPolysaccharides from green and black teas were obtained via hot aqueous extraction, and after fractionation,
chemical analysis showed that they consisted mainly of a rhamnogalacturonan containing a long sequence of
→4)-6-O-Me-α-D-GalpA-(1→, interrupted by α-L-Rhap residues, which were substituted by type II
arabinogalactan chains. The polysaccharides were similar, except that black tea contained lesser galacturonic
acid residues (35%), when compared with green tea (65%). Starch was present in both teas. The polysaccha-
rides were tested, via oral administration in mice against induced-polymicrobial sepsis, at doses of 30, 50 and
100 mg/kg. Green and black tea polysaccharides were capable of reducing mortality rate by 40% and 25% re-
spectively, compared to sham-controls. The inﬂux of neutrophils was also affected, decreasing its accumula-
tion in lungs and tissue injury. The difference between the green and black tea polysaccharides seems to
result from the processing that the leaves have undergone and the different abilities to prevent mice death
can be related to the different uronic acid contents.
© 2012 Elsevier Ltd. All rights reserved.1. Introduction
After water, teas from Camellia sinensis L. (mainly green and black
teas) are considered to be the most consumed beverage worldwide.
The main difference among the teas is based on the process of
auto-oxidation catalyzed by the enzymes polyphenol oxidase (PPO)
and peroxidase. Basically, oxidation is a process to which the leaves
of C. sinensis interact with oxygen, after being processed (e.g. being
minced, crushed or dried) that results in darkening. Those from
C. sinensis are thus classiﬁed as white, green, oolong, black and Pu'erh
teas which undergo unfermented, semi-fermented, and fermented
processes (Engelhardt, 2010; Ho, Lin, & Shahidi, 2008).
Products of secondary metabolism, especially ﬂavonoids from
C. sinensis, have been widely studied for their chemical composition
and biological effects (Scoparo et al., 2012; Sharangi, 2009), although
the polysaccharides have received less attention. However, in infu-
sions, many compound classes are extracted from the leaves, includingde; CLP, cecal ligation and punc-
rformance size-exclusion chro-
metry; MPO, myeloperoxidase;
nate; GT, green tea; BT, black
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rights reserved.polysaccharides which are then ingested. It is known that many plants
used in folkmedicine contain polysaccharideswith a recognized variety
of properties, including immunological, anti-radiation, anticoagulation,
anti-cancer, anti-HIV, hypoglycemic and gastric protection activities
(Cipriani et al., 2006; Wang, Wang, Li, & Zhao, 2001; Xie & Nie, 2006;
Zhou, Xie, & Fu, 2001).
Recent studies have shown that the structures of polysaccharides
are closely related to their biological activities (Cooper, Morré, &
Morré, 2005; Harold & Graham, 1992), so elucidation of their structures
is fundamental for understanding structure–activity relationships.
Some structural studies have been carried out on tea polysaccharides,
being described a polysaccharide composed of rhamnose, glucose,
galactose, arabinose and xylose (Zhou, Xie, & Nie, 2004). Also, other poly-
saccharideswere identiﬁed as neutral (1→4)-β-galactan andpectin-type
polysaccharide formed by blocks of (1→4)-α-D-galactopyranosyluronic
acids interconnected by (1→2)-linked rhamnose residues (Wang, Wei,
& Jin, 2009a, 2009b).
Several pharmacological properties have been attributed to poly-
saccharides from different sources, although few investigations have
correlated their structure with sepsis treatment. Sepsis is a consider-
able health problem and a leading cause of morbidity and mortality in
many intensive care units. It represents a state of overproduction of
pro-inﬂammatory mediators which frequently occurs after various
noxious injuries, especially bacterial infection arising from abdominal
surgery, appendicitis, perforated ulcers, or an ischemic bowel (Angus,
Linde-Zwirble, Lidicker, & Clermont, 2001; Cohen, 2002). We now
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isolated from both green and black teas and their protection against
sepsis, in a murine model of cecal ligation and puncture (CLP), and
their effects on neutrophil migration.
2. Experimental methods
2.1. Plant material
Green and black teas were purchased in a local market (Curitiba,
State of Paraná, Brazil), as commercial processed leaves.
2.2. Polysaccharide extraction and fractionation
Green and black teas (50 g of each) were submitted to aqueous
extraction (100 °C, 500 mL, ×3). The extracts were combined and
evaporated to 250 mL. High molecular weight components, mainly
polysaccharides, were precipitated by addition of cold EtOH (3 vol.),
and centrifuged (8,000 rpm at 4 °C, 20 min). The sediment was
then dissolved in H2O and dialyzed, in 12,000 Da cutoff membrane,
against tap water for 24 h to remove the remaining low-molecular
weight compounds, giving rise to crude polysaccharide fractions.
These were frozen and then allowed to thaw at room temperature
(Gorin & Iacomini, 1984), resulting in green (GSP) and black soluble
polysaccharide (BSP) fractions and insoluble fractions which were
separated by centrifugation as described above. The insoluble frac-
tions were not analyzed.
2.3. Monosaccharide analysis
GSP and BSP (1 mg) were each hydrolyzed with 0.5 mL of 2 M TFA
at 100 °C for 8 h, then the solution was evaporated, and the residue
was dissolved in water (1 mL). The resulting monosaccharides were
submitted to thin layer chromatography (TLC) on silica gel-60
(Merck), the eluant being ethyl acetate:acetic acid:n-propanol:water
(4:2:2:1 v/v), followed by development with orcinol-sulfuric acid at
100 °C (Skipski, 1975). The monosaccharides were reduced with
2 mg NaBH4 yielding alditols, which were acetylated in Ac2O-pyridine
(1:1 v/v, 0.5 mL) at room temperature for 12 h (Wolfrom &
Thompson, 1963a, 1963b). The resulting alditol acetateswere extracted
with CHCl3, and analyzed by GC–MS (Varian, Saturn 2000R-3800 gas
chromatograph coupled to a Varian Ion-Trap 2000Rmass spectrometer),
using a DB-225-MS column (30 m×0.25 mm×0.25 μm) programmed
from 50 to 220 °C at 40 °C/min, with He as carrier gas. Monosaccharides
were identiﬁed by their relative retention times and typical electron
ionization spectra (EI — 70 eV). The uronic acid contents of the soluble
fractions were determined using the colorimetric m-hydroxybiphenyl
method of Filisetti-Cozzi and Carpita (1991).
GSP and BSP (10 mg) were each submitted to carboxy-reduction
through the carbodiimide method (Taylor & Conrad, 1972), using
NaBH4 as the reducing agent, giving the reduced products (GSP-CR,
BSP-CR), and releasing their neutral equivalent monosaccharide.
2.4. Methylation analysis
The fractions GSP, BSP, GSP-CR and BSP-CR (5 mg) were each
per-O-methylated in DMSO (0.5 mL), powdered NaOH (30 mg) and
iodomethane (0.5 mL), adapted from the method of Ciucanu and
Kerek (1984). The suspension was neutralized with acetic acid and
dialyzed (12,000 Da cutoff) to eliminate reagents. The samples were
lyophilized and alkylated polysaccharides were then hydrolyzed
with 45% aq. v/v formic acid (1 mL) for 12 h at 100 °C, ﬁltered and
evaporated to dryness. The partially O-methylated monosaccharides
were reduced with NaBD4 and acetylated as described above, giving
rise to a mixture of partially O-methylated alditol acetates, which
were analyzed by GC–MS similar to what was described above, exceptthat the temperature program was 50 to 210 °C in 30 min. Identiﬁca-
tion of the partially O-methylated alditol acetates was based on them/z
spectra (EI — 70 eV), and by comparison with the standard library
(Sassaki, Gorin, Souza, & Czelusniak, 2005), the results being expressed
as a relative percentage of each component.
2.5. Nuclear magnetic resonance (NMR) analysis
Mono- (13C, 1H and DEPT-135) and bi-dimensional 1H/13C (HSQC)
NMR spectra were obtained by employing a Bruker Avance III
400 MHz spectrometer. Samples were dissolved in D2O at ~40 mg
in 400 μL and analysis was carried out at 70 °C. The chemical shifts
were expressed in δ (ppm), standardized with TMSP-d4 (sodium
2,2,3,3-tetradeuterio-3-trimethylsilyl-propionate) δ=0 for 13C and 1H.
2.6. Animals
Male albino Swiss mice (3 months old, weighing 25–30 g), from
the University of Paraná colony, were used for biological tests. They
were maintained under standard laboratory conditions, with a con-
stant 12 h light/dark cycle and controlled temperature (22±2 °C),
and standard pellet food (Nuvital®, Curitiba/PR, Brazil) and water
were available ad libitum. All experimental procedures were previously
approved by the Institutional Ethics Committee of the university
(authorization number 430).
2.7. Sepsis induction by cecal ligation and puncture (CLP)
Mice were randomly grouped into ﬁve clusters of 10 mice:
sham-operation, CLP plus vehicle (water p.o.), and CLP plus GSP or
BSP (30, 50 and 100 mg/kg, p.o.). According to the body weight
(~30 g), they were administered with 50 μL of each tea polysaccha-
ride solution. Ketamine (80 mg/kg) and xylazine (20 mg/kg) were
injected intraperitoneally to anesthetize the mice prior to surgical
procedures. Polymicrobial sepsis was induced by CLP as previously
described (Rittirsch, Huber-Lang, Flierl, & Ward, 2009). A midline in-
cision of ~1.5 cm was performed on the abdomen and the cecum was
carefully exposed and 50% of the distal portion was ligated. The
cecumwas then punctured three times with a sterile 16-gauge needle
and squeezed to extrude fecal material from the wounds. The cecum
was replaced and the abdomen was stitched surgically. Sham-control
animals were treated identically, but no cecal ligation or puncture
was carried out. Each mouse received subcutaneous sterile saline in-
jection (1 mL) for ﬂuid resuscitation after surgery. The mice were
then kept on a heating pad (35 °C) until they recovered from the an-
esthesia. Food and water, ad libitum, were provided throughout the
experiment. The survival rate was monitored for 7 days, 12 h each.
During this period, vehicle (water) and treatments were orally ad-
ministered daily.
In another set of experiment, 1 h prior to the surgery, mice were
orally treated with vehicle, GSP, or BSP (30 and 50 mg/kg, p.o.).
After 6 h post-operation, mice were sacriﬁced. Their lungs were col-
lected and frozen for further use to determine the myeloperoxidase
(MPO) activity.
2.8. Lung MPO activity
MPO activity was measured in order to determine neutrophil
inﬂux, according to established protocols (Bradley, Priebat,
Christensen, & Rothstein, 1982). Brieﬂy, the lung tissue was homoge-
nized in 0.5 mL of 50 mM potassium buffer pH 6.0 with 0.5%
hexadecyltrimethylammonium bromide, sonicated on ice, and then
centrifuged at 14,000 rpm for 15 min at 4 °C. Supernatants were
then assayed at a 1:20 dilution in reaction buffer (9.6 mM 3,3,5,5-
tetramethylbenzine, 150 nM H2O2 in 50 mM potassium phosphate
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tical density per milligram of protein (measured by Bradford assay).
2.9. Statistical analysis
Data were expressed as means±SEM of, at least, 10 mice examined
in each group. Statistical error was determined by one-way ANOVA;
the post hoc test was Bonferroni's. Calculations were performed with
Graphpad Prism5.0, and the p valuesb0.05were considered signiﬁcant.
3. Results and discussion
3.1. Structural characterization of green and black tea polysaccharides
Currently, polysaccharides have received special attention due to
their pharmacological activities, so that structural analysis is required
for understanding their actions. Thus, like in hot infusions, green and
black teas were extracted with water at 100 °C. Their polysaccharides
were obtained by precipitation with excess of ethanol, being recovered
by centrifugation and dialysis, yielding crude polysaccharide fractions,
for the green (12%) and black teas (10%), which were freeze-dried,
then fractionated by a freeze–thawing procedure, resulting in cold
water-soluble fractions, for green (GSP) and black tea (BSP), at 83%
and 64% respectively, and the insoluble fractions being discarded.
The monosaccharide composition of GSP and BSP was obtained by
GC–MS analysis and a colorimetric method was employed for the
uronic acids, resulting in galacturonic acid (65%), arabinose (19%),
galactose (7%), glucose (7%) and rhamnose (2%) for green tea (GSP);
and galacturonic acid (35%), arabinose (30%), galactose (16%), rham-
nose (3%) and glucose (16%) for black tea (BSP). The galacturonic
acid content was conﬁrmed by TLC (data not shown) and carboxy-
reduction and further analysis of neutral monosaccharide by GC–MS.
The polysaccharide from green tea had a greater concentration of
galacturonic acid when compared to black tea which, in contrast, had
higher amounts of arabinose, galactose and rhamnose, suggesting
that the processing that the leaves undergo in black tea preparation
may be interfering with its monosaccharide composition.
3.1.1. NMR analysis
The 1H/13C HSQC spectra of GSP and BSP (Fig. 1A and B, respec-
tively) suggest the presence of a similar pectic structure, with units
of α-D-galactopyranosyluronic acid, with signals at δ 100.6/4.9 attrib-
uted to C-1/H-1 of GalpA units. The signal at δ 79.2/4.4 corresponded
to C4/H4 from (1→4)-linked α-D-galacturonic acid residues, and
those at δ 71.0/5.0, 69.3/3.94 and 68.4/3.84 to C5/H5, C-3/H-3 and
C-2/H2 of GalpA units, respectively (Cipriani, Mellinger, Gorin, &
Iacomini, 2004; Ovodova, Golovchenko, Popov, & Popova, 2009;
Popov, Ovodova, Golovchenko, & Popova, 2011). The 13C signals at δ
171.4, and δ 171.2 were from C-6, conﬁrming the presence of GalpA
residues. The chemical shifts of C-6 from GalpA residues are usually
close to δ 176, although many of the carboxyl groups from GalpA
are substituted by methyl ester, and these signals would shift to a
higher magnetic ﬁeld. Thus, the signals at δ~171 suggest the occur-
rence of methyl esteriﬁcation in GalpA residues. This was conﬁrmed
by the HSQC-signals at δ 53.4/3.75, from the methyl ester group
(Wang et al., 2009a, 2009b).
Type I rhamnogalacturonan (RGI) is a family of pectic polysac-
charides that contain a backbone with repeating disaccharide
(1→4)-α-D-GalpA-(1→2)-α-L-Rhap (Lau, McNeil, Darvill, &
Albersheim, 1985), but the rhamnosyl units may also interrupt long
runs of polygalacturonic acid (Jarvis, 1984). Side chains of arabinans,
galactans, and highly branched arabinogalactans (AGs) with many
conﬁgurations and sizes can be attached to the O-4 of many of the
rhamnosyl residues (Carpita & Gibeaut, 1993). The HSQC signal at δ
100.3/5.2 (C1/H1), those at δ 76.1/3.9 (C2/H2) and δ 82.8/4.13 (C4/H4)were attributed to linked α-L-Rhap units. HQSC-signals at δ 17.4/1.28
and 17.28/1.24 (Fig. 1A, B upper insertions), conﬁrmed the presence
of rhamnose, (1→2)- and (1→2, 1→4)-linked, as expected from a
rhamnogalacturonan (Renard, Lahaye, Mutter, Voragen, & Thibault,
1998).
Type II arabinogalactans are usually found in association with
rhamnogalacturonans, being classiﬁed according to their main chain
of (1→3)-β-D-Galp, substituted by (1→6)-β-D-Galp side-chains,
differing from type I arabinogalactans which are (1→4)-β-D-Galp
linked (Renard et al., 1998). The HSQC spectra of GSP and BSP
(Fig. 1A and B) contained signals consistent with (1→3) and
(1→6)-linked β-D-Galp units, appearing at δ 104.8/4.55 and 103.4/
4.4 (C1/H1), 82.2/4.19 (C3/H3) and δ 68.6/3.68 (C6/H6). Arabinose
was found attached to C-3 of the β-D-Galp units, forming (1→3)
and (1→5)-linked side chains. The HSQC spectra from both GSP
and BSP contained typical signals of (1→3)- and (1→5)-linked
α-L-Araf units, appearing at δ 109.6/5.2 and δ 108.1/5.01 (C1/H1), in
addition to signals at δ 74.0/3.87 (C3/H3) and δ 63.9/3.61 (C5/H5)
of the substituted α-L-Araf (Delgobo, Gorin, Jones, & Iacomini, 1998;
Wang et al., 2009a, 2009b).
The presence of starch was also identiﬁed for both teas, in the
anomeric region (Fig. 1A, B) that signals at δ 100.3/5.27 corresponding
to C1/H1 of the α-D-Glcp units, and those at δ 75.4/3.64 (C-4/H-4)
from the O-substituted α-D-Glcp units of amylose and amylopectin,
and δ 69.7/3.85 (C-6/H-6) from the O-substituted α-D-Glcp units of
amylopectin. Also present was a signal at δ 60.3/3.69 which is consis-
tent with the C6/H6 non-substituted units. Starch is themain storage
carbohydrate of higher plants, and after cellulose is the most abun-
dant polysaccharide. It is commonly found in leaves, seeds, fruits,
roots, rhizomes, stems and tubers, accumulated in the form of gran-
ules in the plant cell cytoplasm (Agrawal, 1992; BeMiller, 2001).3.1.2. Methylation analysis
Methylation analysis of native and carboxy-reduced GSP and BSP
(Table 1) showed that both were similar. For green tea, its GSP
contained 2-O- (1%) and 2,4-di-O-substituted Rhap units (0.5%).
Also present were nonreducing end-units of Araf (7%), and Galp
(3.1%). The galactopyranosyl units were mainly 3-O- (5%), 6-O-
(1.2%) and 3,6-di-O-substituted (0.5%). Arabinose appeared as 3-O-
(3.0%), 5-O- (3.5%), and 3,5-di-O-substituted (1%) units. Methylation
makes the differences between green (GSP) and black (BSP) tea poly-
saccharides more evident, considering that, although same deriva-
tives were found, their ratios were quite different. In BSP, the Rhap
units were also 2-O-substituted (1.5%) and 2,4-di-O-substituted
(1%), with greater amounts of nonreducing end-units of Araf (11%)
and Galp (7.2%). In the side chains, the Galp units are substituted in
O-3, O-6 or both, thus giving the partially methylated derivatives of
2,4,6-Me3-Gal (10.6%), 2,3,4-Me3-Gal (3.0%) and 2,4-Me2-Gal (1.2%).
The partially methylated derivatives from arabinose residues con-
ﬁrmed linkages at 5-O- (5.8%), 3-O- (6.1%) and 3,5-di-O- (1.2%) posi-
tions. The percentages of each methyl derivative are presented
relative to neutral monosaccharide contents, i.e. 35% in green tea
and 65% in black tea.
In order to conﬁrm the polygalacturonic acid chain structure, both
GSP and BSP were carboxy-reduced prior to methylation analysis. As
expected, this gave an increase in 2,3,6-Me3-galactitol acetate for GSP
(62%) and BSP (33%), indicating that (1→4)-linked galacturonic acid
residues were present in the native GSP and BSP (Table 1).
In regard to starch, the presence of 2,3,4,6-Me4-, 2,3,6-Me3-, and
2,3-Me2-glucitol acetate was also found for green tea (GSP), the amount
being 3.7%, 3.3%, and 0.3%, and for black tea, 5.9%, 6.0%, and 1.0% respec-
tively corresponding to terminal, (1→4)- and (1→4,→6)-linked
α-D-Glcp.
Based on methylation and NMR analysis of GSP and BSP, it was
possible to infer the presence of a type I rhamnogalacturonan
Fig. 1. 1H/13C HSQC NMR spectrum of GSP (A) and BSP (B) in D2O at 70 °C; numerical values are in δ ppm. The inserted letter A indicates chemical shifts from 6-OMe-α-D-GalpA, B
from α-L-Rhap, C from β-D-Galp, D from α-L-Araf and E from α-D-Glcp. The letters are followed by the number of carbons of the monosaccharide unit and their chemical shifts. The
C-6 region of the Rhap units is also illustrated in the insets.
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also observed in both experiments.
GSP and BSP were similar, although in the BSP polysaccharide
there was a considerable decrease in the galacturonic acid content
in the rhamnogalacturonan. If this was a result of the processing of
the leaves to produce black tea, it is possible that oxidation leads
to uronic acid degradation and to a corresponding increase in the
neutral monosaccharide ratio.
3.2. Effects of green and black tea polysaccharides on the survival rate
of septic mice
It is known that polysaccharides have biological activities, such as
antitumor, anti-inﬂammatory, antiviral and immunomodulatory effects(Paulsen, 2001). Thus, in order to determine the anti-inﬂammatory
effects of polysaccharides from green (GSP) and black (BSP) teas, the
samples were tested against the induced-polymicrobial sepsis. The
polysaccharides were tested at doses of 30, 50 and 100 mg/kg, and
their effects on the survival rate of infected mice and neutrophil inﬂux
were evaluated.
The mice treated only with vehicle died between 12 and 24 h after
sepsis induction (CLP), with a mortality rate reaching 35% and 65% in
36 and 96 h respectively, exhibiting an area under the curve of 6.056
(arbitrary units) (Fig. 2A and B). The overall mortality in this group, at
the end of the observation period (7 days), was 100%. The mortality
rate was signiﬁcantly reduced by treatment with polysaccharides
from green tea (GSP) with doses of 30, 50 and 100 mg/kg, with
areas under the curve increasing to 7.050, 9.720 and 10.200,
Table 1
Partially O-methylated alditol acetates (PMAA) of the GSP, BSP, GSP-CR and BSP-CR
polysaccharides.
PMAA Tra GSPb
%
BSPc
%
GSP-CRd
%
BSP-CRe
%
Structure
2,3,5-Me3-Ara 0.805 7.0 11 7.3 11.5 Araf-(1→
2,5-Me2-Ara 0.860 3.0 6.1 3.1 6.3 →3)-Araf-(1→
3,4-Me2-Rha 0.957 1.0 1.5 1.3 1.9 →2)-Rhap-(1→
2,3,4,6-Me4-Glc 1 3.7 5.9 3.9 5.8 Glcp-(1→
2,3-Me2Ara 1.023 3.5 5.8 3.7 6.1 →5)-Araf-(1→
2,3,4,6-Me4-Gal 1.044 3.1 7.2 3.3 7.5 Galp-(1→
3-Me-Rha 1.192 0.5 1.0 0.7 1.2 →2,4)-Rhap-(1→
2-Me-Ara 1.240 1.0 1.2 1.2 1.4 →3,5)-Araf-(1→
2,3,4-Me3-Glc 1.272 1.0 2.0 1.2 1.9 →6)-Glcp-(1→
2,3,6-Me3-Gal 1.312 0.5 0.9 62 33 →4)-Galp-(1→
2,4,6-Me3-Gal 1.360 5.0 10.6 5.5 11 →3-Galp-(1→
2,3,6-Me3Glc 1.366 3.3 6.0 3.5 6.1 →4)-Glcp-(1→
2,3,4-Me3-Gal 1.504 1.2 3.0 1.5 3.2 →6)-Galp-(1→
2,3-Me2-Glc 1.759 0.3 1.0 0.6 0.9 →4,6)-Glcp-(1→
2,3-Me2-Gal 1.865 0.4 0.6 0.5 0.8 →4,6)-Galp-(1→
2,4-Me2-Gal 2.026 0.5 1.2 0.7 1.4 →3,6)-Galp-(1→
a Tr = retention time relative to 2,3,4,6-Me4Glc acetate.
b Galacturonic acid content of GSP was 65%.
c Galacturonic acid content of BSP was 35%.
d Carboxy-reduced GSP.
e Carboxy-reduced BSP.
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groups corresponded to 25% at a dose of 30 mg/kg and 45% for both
doses of 50 and 100 mg/kg (Fig. 2A).
Similar results, but with less protection against lethality, were
found in the groups treated with black tea polysaccharide (BSP)
(Fig. 2B). At doses of 30, 50 and 100 mg/kg their areas under the
curve increased to 7.200, 8.550 and 7.680, respectively, compared
with the control (6.056). At the end of the observation period, the rate
of survival corresponded to 20%, 25% and 20%, relative to the doses
above. Considering that no deaths were observed in the sham-operated
group, with an area under the lethality curve corresponding to 16.800Fig. 2. Effect of polysaccharides GSP (A) and BSP (B) on survival rate in sepsis. GSP
and BSP protect against sepsis-induced lethality. Mice (10 animals/group) were orally
administered various doses of GSP (30, 50 or 100 mg/kg), vehicle (water) and dexa-
methasone (0.5 mg/kg s.c). Survival analyses were compared by a log-rank test.
These calculations were performed with Graphpad Prism 5.0. The null hypothesis
was rejected when pb0.05. ***pb0.001 versus vehicle.(arbitrary units), this conﬁrms that surgical intervention, without per-
foration, was not sufﬁcient to cause death.3.3. Neutrophil inﬂux is signiﬁcantly inhibited by GSP and BSP
Sepsis is associated to an aberrant inﬂammatory response, causing
cell injury and organ dysfunction. During sepsis, the generation of in-
ﬂammatory mediators induced recruitment of a large quantity of im-
mune cells. Neutrophil inﬁltration is an important pathophysiological
alteration associated with the severity of sepsis, which ampliﬁes the
systemic inﬂammatory response and causes multiple organ failure
(Landry & Oliver, 2001; Mainous, Ertel, Chaudry, & Deitch, 1995).
When compared with the sham group, CLP surgery markedly
increased lung inﬁltration of neutrophils (50%), indirectly assessed
by MPO activity (Fig. 3). It conﬁrms that the neutrophil migration
occurs after the experimental sepsis outcome. This increase was sig-
niﬁcantly prevented by both polysaccharides from green and black
teas (GSP and BSP) at a dose of 50 mg/kg, corresponding to 33% and
28% inhibition respectively (Fig. 3). At a dose of 30 mg/kg, there
was no signiﬁcant difference in comparison to the control group
(CLP). Dexamethasone, used as an anti-inﬂammatory control, also
inhibited inﬁltration of neutrophils (45%). GSP and BSP prevented el-
evation of MPO activity, indirectly indicating reduction in neutrophil
recruitment to the lung and oxidative tissue damage, as well. This is
of particular relevance because oxidative stress is known as a proba-
ble mechanism for organ dysfunction during sepsis, amplifying and
perpetuating the initial systemic inﬂammatory responses (Pastores,
Katz, & Kvetan, 1996).
Recently, polysaccharides have demonstrated beneﬁcial effects in
sepsis treatment, as reported for an acidic polysaccharide isolated
from Phellinus linteuswhich as able to decrease the septic shock induced
by high dose lipopolysaccharide injection in mice (Kim et al., 2003).
Fucogalactans from the mushrooms Agaricus bisporus (RFP-Ab) and
Lactarius rufus (RFP-Lr) had a potent anti-inﬂammatory action in a
sepsis model (Ruthes, Rattmann, Carbonero, Gorin, & Iacomini, 2011).
Also, a polysaccharide obtained from Panax ginseng had demonstrated
a potent anti-septicemic activity, via macrophage activation, acting as
an immunomodulator against sepsis induced by Staphylococcus aureus
(Lim et al., 2002).
Based on the results now obtained, the polysaccharide fractions from
green and black teas showed a signiﬁcant protective effect on sepsis, butFig. 3. Effect of polysaccharides on MPO activity in sepsis. Mice subjected to sepsis by
CLP were treated with saline, GSP and BSP (30 and 50 mg/kg) or dexamethasone
(0.5 mg/kg s.c). Myeloperoxidase activity (MPO, indicator of neutrophil accumulation)
was measured spectrophotometrically in lung samples harvested 18 h after induction
of CLP. Results are expressed as change in optical density per milligram of protein.
Values represent means±SEM. ###pb0.001 versus the sham group; ***pb0.001,
**pb0.01 and *pb0.05 indicated values versus the vehicle group. ANOVA followed by
Bonferroni's test.
785C.T. Scoparo et al. / Food Research International 53 (2013) 780–785those from green tea were better for this model. Recent studies suggest
that the beneﬁcial effects of pectins are closely related to their structural
characteristics, for example, pectins isolated from fresh sweet pepper
and celery stalks, had high anti-inﬂammatory activity (Popov et al.,
2011; Ovodova et al., 2009). Also, it was suggested that pectins that
have high amounts of methyl esters, present the higher positive effects
on inﬂammation (Chien-Ho et al., 2006).
As can be seen from the above results on the characterization of
both pectins, green tea shows a greater content of galacturonic acid
(65%) than black tea (35%), both with high amounts of esteriﬁed
units. Accordingly, the green tea polysaccharide fraction showed a
greater protection on mortality caused by sepsis than those of the
black tea fraction, suggesting that this is related to the difference in
uronic content.
4. Conclusion
On the basis of chemical analysis, the polysaccharides from green
and black teas obtained by aqueous extraction of tea followed by puri-
ﬁcation by freezing/thawingweremainly a type I rhamnogalacturonan,
formed by a long sequence of→4)-6-OMe-α-D-GalpA-(1→ units, inter-
spersed by some α-L-Rhap residues, and substituted by side chains of
type II arabinogalactans; the presence of starch was also observed.
We also clearly demonstrated that GSP and BSP were able to prevent
lethality caused by polymicrobial sepsis in mice at different rates.
This beneﬁcial effect seems to be, at least in part, due to a reduction
in neutrophil migration, as observed using the MPO assay and conse-
quent protection against tissue damage, The green tea polysaccharide
had greater activity than black tea, which may be related to the lower
amounts of acid structures in the BSP composition, which may result
from the processing in the manufacture of black tea.
Furthermore, it is important to consider that the polysaccharides
of C. sinensis also have pharmacological properties, as now demon-
strated, and that the therapeutic properties usually attributed exclu-
sively to the polyphenol content from green and black teas could be,
at least in part, shared with the polysaccharide molecules.
Acknowledgments
The authors thank the Brazilian funding agencies Conselho Nacional
de Desenvolvimento Cientíﬁco e Tecnológico (CNPq), Coordenação de
Aperfeiçoamento de Pessoal de Nível Superior (CAPES), and PRONEX-
Carboidratos/Fundação Araucária for the ﬁnancial support.
References
Agrawal, P. K. (1992). NMR spectroscopy in the structural elucidation of oligosaccha-
rides and glycosides. Phytochemistry, 31, 3307–3330.
Angus, D. C., Linde-Zwirble, W. T., Lidicker, J., & Clermont, G. (2001). Epidemiology of
severe sepsis in the United States: Analysis of incidence, outcome, and associated
costs of care. Critical Care Medicine, 29, 1303–1310.
BeMiller, J. N. (2001). Polysaccharides. Encyclopedia of life sciences (pp. 7–10). : John
Wiley & Sons.
Bradley, P. P., Priebat, D. A., Christensen, R. D., & Rothstein, G. (1982). Measurement of
cutaneous inﬂammation: Estimation of neutrophil content with an enzyme marker.
Journal of Investigative Dermatology, 78, 206–209.
Carpita, N. C., & Gibeaut, D. M. (1993). Structural models of primary cell walls in
ﬂowering plants: Consistency of molecular structure with the physical properties
of the walls during growth. The Plant Journal, 3, 1–30.
Chien-Ho, C., Ming-Thau, S., Tzeng-Fu, C., Ying-Ching, W., Wen-Chi, H., Der-Zen, L., et al.
(2006). Suppression of endotoxin-induced proinﬂammatory responses by citrus
pectin through blocking LPS signaling pathways. Biochemical Pharmacology, 72,
1001–1009.
Cipriani, T. R., Mellinger, C. G., Gorin, P. A. J., & Iacomini, M. (2004). An arabinogalactan
isolated from the medicinal plantMaytenus ilicifolia. Journal of Natural Products, 67,
703–706.
Cipriani, T. R., Mellinger, C. G., Souza, L. M., Baggio, C., Freitas, C. S., Marques, M. C. A.,
et al. (2006). A polysaccharide from a tea (infusion) of Maytenus ilicifolia leaves
with anti-ulcer protective effects. Journal of Natural Products, 69, 1018–1021.
Ciucanu, I., & Kerek, F. (1984). A simple and rapid method for the permethylation of
carbohydrates. Carbohydrate Research, 131, 209–217.Cohen, J. (2002). The immunopathogenesis of sepsis. Nature, 420, 885–891.
Cooper, R., Morré, D. J., & Morré, D. M. (2005). Medicinal beneﬁts of green tea: Part I.
Review of noncancer health beneﬁts. Journal of Alternative and Complementary
Medicine, 11, 521.
Delgobo, C. L., Gorin, P. A. J., Jones, C., & Iacomini, M. (1998). Gum heteropolysaccharide
and free reducing mono- and oligosaccharides of Anadenanthera colubrina. Phyto-
chemistry, 47, 1207–1214.
Engelhardt, U. H. (2010). Chemistry of tea. In Lew Mander, & Hung-Wen (Ben) Liu
(Eds.), Comprehensive natural products II, chemistry and biology (pp. 999–1032).
(1st ed.).
Filisetti-Cozzi, T. M. C. C., & Carpita, N. C. (1991). Measurement of uronic acids without
interference from neutral sugars. Analytical Biochemistry, 197(1), 157–162.
Gorin, P. A. J., & Iacomini, M. (1984). Polysaccharides of the lichens Cetraria islandica
and Ramalina usnea. Carbohydrate Research, 128(1), 119–131.
Harold, N., & Graham, P. H. D. (1992). Green tea composition, consumption and poly-
phenol chemistry. Journal of Preventive Medicine and Hygiene, 21(3), 334–350.
Ho, C. T., Lin, J. K., & Shahidi, F. (2008). Tea and tea products. Chemistry and
health-promoting properties (pp. 305). Boca Raton: CRC Press.
Jarvis, M. C. (1984). Structure and properties of pectin gels in plant cell walls. Plant, Cell
& Environment, 7, 153–164.
Kim, G. Y., Roh, S. I., Park, S. K., Ahn, S. C., Oh, Y. H., Lee, J. D., et al. (2003). Alleviation
of experimental septic shock in mice by acidic polysaccharide isolated from the
medicinal mushroom Phellinus linteus. Biological and Pharmaceutical Bulletin, 26,
1418–1423.
Landry, D. W., & Oliver, J. A. (2001). The pathogenesis of vasodilatory shock. The New
England Journal of Medicine, 345, 588–595.
Lau, J. M., McNeil, M., Darvill, A. G., & Albersheim, P. (1985). Structure of the backbone
of rhamnogalacturonan I, a pectic polysaccharide in the primary walls of plants.
Carbohydrate Research, 137, 111–125.
Lim, D. S., Bae, K. G., Jung, I. S., Kim, C. H., Yun, Y. S., & Song, J. Y. (2002).
Anti-septicaemic effect of polysaccharide from Panax ginseng by macrophage acti-
vation. The Journal of Infection, 45, 32–38.
Mainous, M. R., Ertel, W., Chaudry, I. H., & Deitch, E. A. (1995). The gut: A cytokine
generating organ in systemic inﬂammation? Shock, 4, 193–199.
Ovodova, R. G., Golovchenko, V. V., Popov, S. V., & Popova, F. Y. (2009). Chemical
composition and anti-inﬂammatory activity of pectic polysaccharide isolated
from celery stalks. Food Chemistry, 114, 610–615.
Pastores, S. M., Katz, D. P., & Kvetan, V. (1996). Splanchnic ischemia and gut mucosal
injury in sepsis and the multiple organ dysfunction syndrome. The American Journal
of Gastroenterology, 91, 1697–1710.
Paulsen, B. S. (2001). Plant polysaccharides with immunostimulatory activities. Current
Organic Chemistry, 5, 939–950.
Popov, S. V., Ovodova, R. G., Golovchenko, V. V., & Popova, F. Y. (2011). Chemical com-
position and anti-inﬂammatory activity of a pectic polysaccharide isolate from
sweet pepper using a simulated gastric medium. Food Chemistry, 124, 309–315.
Renard, C. M. G. C., Lahaye, M., Mutter, M., Voragen, F. G. J., & Thibault, J. F. (1998).
Isolation and structural characterization of rhamnogalacturonan oligomers gener-
ated by controlled acid hydrolysis of sugar-beet pulp. Carbohydrate Research, 305,
271–280.
Rittirsch, D., Huber-Lang, M. S., Flierl, M. A., & Ward, P. A. (2009). Immunodesign of
experimental sepsis by cecal ligation and puncture. Natural Products, 4, 31–36.
Ruthes, A. C., Rattmann, Y. D., Carbonero, E. R., Gorin, P. A. J., & Iacomini, M. (2011).
Structural characterization and protective effect againstmurine sepsis of fucogalactans
from Agaricus bisporus and Lactarius rufus. Carbohydrate Polymers, 87, 1620–1627.
Sassaki, G. L., Gorin, P. A. J., Souza, L. M., & Czelusniak, P. A. (2005). Rapid synthesis of
partially O-methylated alditol acetate standards for GC–MS: Some relative activities
of hydroxyl groups of methyl glycopyranosides on Purdie methylation. Carbohydrate
Research, 340, 731–739.
Scoparo, C. T., Souza, L. M., Dartora, N., Sassaki, G. L., Gorin, P. A. J., & Iacomini, M.
(2012). Analysis of Camellia sinensis green and black teas via ultra high performance
liquid chromatography assisted by liquid–liquid partition and two-dimensional liquid
chromatography (size exclusion×reversed phase). Journal of Chromatography. A,
1222, 29–37.
Sharangi, A. B. (2009).Medicinal and therapeutic potentialities of tea (Camellia sinensis L.)—
A review. Food Research International, 42, 529–535.
Skipski, V. P. (1975). Thin layer chromatography of neutral glycolipids. Methods in
Enzymology, 35, 396–425.
Taylor, R. L., & Conrad, H. E. (1972). Stoichiometric depolymerization of polyuronides
and glycosaminoglycuronans to monosaccharides following reduction of their
carbodiimide-activated carboxyl groups. Biochemistry, 11, 1383–1388.
Wang, D. F., Wang, C. H., Li, J., & Zhao, G. W. (2001). Components and activity of polysac-
charides from coarse tea. Journal of Agricultural and Food Chemistry, 49, 507–510.
Wang, Y. F., Wei, X. L., & Jin, Z. Y. (2009a). Structure analysis of an acidic polysaccharide
isolated from green tea. Natural Product Research, 23(7), 678–687.
Wang, Y. F., Wei, X. L., & Jin, Z. Y. (2009b). Structure analysis of a neutral polysaccharide
isolated from green tea. Food Research International, 42(5–6), 739–745.
Wolfrom, M. L., & Thompson, A. (1963a). Reduction with sodium borohydride.Methods
in Carbohydrate Chemistry, 2, 65–67.
Wolfrom, M. L., & Thompson, A. (1963b). Acetylation.Methods in Carbohydrate Chemistry,
2(2), 211–215.
Xie, M. Y., & Nie, S. P. (2006). A review of the research progress on tea polysaccharide.
Journal of Food Science and Biotechnology, 25(2), 107–114.
Zhou, P., Xie, M. Y., & Fu, B. Q. (2001). A review of the studies on the polysaccharide
structure. Journal of Nanchang University (Natural Science), 25(2), 197–204.
Zhou, P., Xie, M. Y., & Nie, S. P. (2004). Primary structure and conﬁguration of tea poly-
saccharide. Science in China. Series C, Life Sciences, 47(5), 416–424.
